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Lett Frent Quarter View - Model A4D-2 Airplane 
BuNo 142089 with Centerline Instrumentation 
Store and Two 150 Galton External Fuel Tanks 
Installed. 


Left Three Quarter Reer View - Model A4)-2 
Alrplene BuNo 142089 with Center! ine 
Instrumentation Store end Two 150 Gallon 
External Fuel Tanks Installed. 


Aerial View of Operational Site at NATC 
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FLIGHT TEST MEASUREMENT OF LANG!NG LOADS 
ON THE A4&0-2 AIRPLANE 


SUMMARY 


A Flight Test program was conducted under the direction of the 
Douglas Alrcraft Company at the Noval Air Test Center, Patuxent 
River, Maryland to obtain landing gear loads and airplane 
responses associated “ith field landings under controlled con- 
ditions. <A total of 205 landings was made by NATC pilots with 
a Mode! A40-2 airplane during the period from 3 September 1960 
to 2 November {960 to obtain 29 landings satisfying the desired 
touchdown conditions, Landings were made at two values of sink 
speed at each of two different approach speeds on two types 

of runway surtace, dry concrete and concrete coated with ap- 
proximately one-elghth inch of non-skid deck compound. Land- 
ings were also completed st three sink speeds with externa! 
tue! tanks Insta!led on the wing pylons. Additional! fandings 
were made to obtain unsymmetrical touchdown conditions and 
others were made to run over a cross-deck pendant with the 
tires bottomed, 


Data are presented in this report In the form of time-history 
plots for 26 satistactory landings, since calibration data 
were found to be Invalid for the early landings, The data 
trom the 26 landings were used by the Dougias Aircraft Company 
to compare with predicted loads (analysis) and drop test 

loads obtalnad with the identical Instrumentation. 
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INTRODUCT LON AND PURPOSE 


A program was established under Contract NOats) 59-6226¢ to measure 
alrplane loads and responses during field landings under contro! ted 
conditions and during drop tests simulating the field landings. The 
results of the field fandings and the drop tests were combined 

with a dynamic analysis to provide a basis for evaluating the adequacy 
of simulating loads In alrplane and jig drop tests and the extent to 
which those loads micht he determined by dynamic analysis. Cons!stent 
instrumentation vas maintained wherever possible for tne tests. The 
Identical instrumentation was used In the majority of applications 

for the fleid landings and the drop tests and one of tne instrumented 
matn landing gear was one that had been used previously by NASA in 
their forward velocity tending Jig facitity. Thls report presents 
the results of the fleld landings performed to obtain the desired 
touchdown conditions. 


The Model A&d-2 alrplane, BuNo 142089, was used for the flight test 
program, Tne alrplane was made available at NATC for Instrumentation 
July §, 1960 and the flight tests were conducted during the period 
trom September @ to November 2, 1960, The a!rplane remained under 
the custody of NATO during the Instrumentation period and during 
the flight test program. Oouglas Alrcraft Company personnel in- 
stalled the Instrumentation and were responsibie for the airborne 
data and the photoscope tracking data and for the technical os- 
pects and direction of the flight test program, Maintenance and 
tilght operations of the alrplane and operation of supporting 
ground Instrumentation were all handled by NATC personnel. 


The airplane was instrumented to measure the following parameters: 


1. Main Landing Gear - Left and Right 


vertical, Orag and Side Loads 

Strut Position 

Strut Velecity 

Normal, Longitudinal and Lateral Acceleration of Lower Mass 
Normal and Long! tudinal Acceleration of Upper Mass 

Strut Metering Chamber Pressure 

Strut Alr Chamber Pressure 

Orag Brace Axial Load 

Wheel Angular Position 


Zz. Nose Landing Gear 


Strut Position 
Normal Acceleration of Upper Mass 


3. Alrplene Center _of Crevity 


Normal Acceleration (High and Low Range) 
Longitudinal! Acceleration 


Pitch and Rol! Att! tude *, 
Rate of Rol! AO Copy 
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Normal Acceleration 


Normal Acceleration at Forward and Aft End of Rack 
Normal Acceleration of Aircraft Structure et Forwerd 
and Aft End of Rack 


6, eft c | Tank - nk at Wing Sta, 75,0 


Normal and Lateral Acceleration at Tank Ste. 38.0 
Longitudinal Acceleration at Center of Gravity, Tank Ste. 76.5 
Normal and Latera! Acceleration at Tank Sta. 122.3 


7. loht Extern hk - } t t Wi 7 
Normal and Lateral Acceleration at Tank Sta. 38.0 


At the completion of the Filght Test program, the instrumentation was re- 
moved from the airplane and used during the drop test program. 


The purpese of the Fiight Test program was to obtain data from the above 
Instrumentation during landings et specified conditions. The specific 
conditions are given below: 


Two symmetrical landings each condition on dry concrete and 
repeated on non-skid surface with a gross welght of 13,250 
Ibs and the following conditions of horizonte! and vertical 
speed; 


110 knots at 12 end 16 fps 
125 knots at 12 and 16 fps 


Two symmetrical landings each condition on dry concrete with 

® groes weight of 14,250 Ibs (150 gelion external tenks-ful | 

JP-5-instalied at Wing Sta. 75), and the following condi tions 
of herizental and vertical speed; 


110 knots at 12 and 16 fos 
125 knots at 12 and 16 fps 


During the program, these conditiens were altered to a 
hori zental speed of 135 knots at vertical speeds of 8, 12 
and 16 fps. 


Three symmetrical cable impact lendings at @ gross weight 
of 13,250 Ibs and vertical end horizontal speeds between 
14-16 fps and 110-125 knots, respectively. Cable impact 
te be defined as aa ever a cress deck pendant with 


the main geer tires fully detiected es a result of the 
landing Impect, 
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INTRODUCTION AND PURPOSE (continued) 


Six asyametrical landings with 4 te 6 degrees of roll with 
gross weights between 135,250 to 14,250 Ibs, vertical speeds 
between 12 and 16 fps and horizontal speeds between 110 and 
125 knots, The number of landings required was reduced to 
four during the progras. 


With the program adjustments noted abeve, a total of 29 specitic 
landings were required to meet the specified touchdown conditions. 


The allowable telerances for each condition were: 
Gross Wel ght 


Vertical Speed 
Horizental Speed 


The program was terminated November 2, 1960, as reported in Reference 
4, when the program support personne! wers. required tor higher 
priority shipboard projects, Al! objectives of the flight test 
program had been achieved at thet time except for the pessibility 
that the tires had not been completely bottomed at the time of 
rolling over the arresting cable. 


= 


This report presents the deta obtained during the Flight Test 
Progres. Date obtained during the drop test program ere presented 
in Reference |. The comparison of these filght test toads and the 
drop rest loads with the theoretical analysis is presented in 

. Reference 2. The NASA test results ere presented in Reference 5. 
A description of the inetrumentation used fer the filght test and 
drop test programs is presented in Reference 5. 


Fromm asia 


ey 


DatE 


Prevarneo ev __ Harris, “Tydemen ‘ 


TITLE — 


DOUGLAS AIRCRAFT COMPANY, INC. 


Pact __ 
2p fase Sees MODEL 


ny REPORT 


EQUIPMENT 


A Model A4D-2 airplane, BuNo 142089, was used to obtain the subject 
data. Recording Instrumentation was carried in a modified 300 
gallon tank on the centerline of the airplane. Photographs of the 
external configuration of tne airplane are snown sn Pages 3.1.1 

and 6,1.2. 


Details of the instrumentation are given in the instrumentation 
report, Reference 3. 


Goodyear main gear tires were used for al! landings to provide 
consistent data. These tives were the same type as those used 
by NASA with main landing geer No. 10 on their forward velocity 
Jig drop tests. 
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The data presented herein were obtained by performing "touch and go 
landings"; i.e., the airplane touched down and 5 to 3 seconds after 
touchdown, power was appiied and the airplane became airborne. The 
elrplane was flown around the fending pettern end another touchdown 
was mede. These touch and go tandings were performed in series of 
5 or 6 landings. The airplane was then retueied and another series 
of landings was performed. 


The landings were performed on Runway 9-27 at the Naval Air Test 
Center, Patuxent River, Maryland. An aerial view of the tanding 
area showlng the supporting ground instrumentation Is inciuded 
on Page 6.1.3. The airplane wes maintained and flown by Nevy 
personnel tnroughout the Flight Test program. Seven different 
Navy pilots participsted in tne program. 


The required gross welght was obtained by controliing the quantity 
of Internal fuel. A variation of + 500 pounds from the desired 

" weight was an accepted tolerance. Each series of landings was 
started 500 pounds adove tne desired weight and continued unti| 
the weight wes 500 pounds less than the desired weight. Page 
8.10.1 shows the actual welghing of airplane with al! equipment 
instalted end zero fuel, Pages 8.10.2 through 8.10.6 show the 
weight empty for each group of landings, the grouping determined 
by changes to the basic weight of tne airplane. The fuel quantity 
system was calibrated prior to tne landing program by adding a 
measured quantity of fuel and reading the pilot's fuel quantity 
gage. A plot of actual fuel vs indicated fuel, shown on Page 
8.10.7 wes used to correct Indicated fuel readings to actual 
fuel in the airplane. 


The Sending approach was performed utilizing the mirror landing 
system, The mirror angle was adjusted to give the desired 
vertical sink speed for a given pre-selected horizontal speed, 
The approach speed was selected, accounting tor the wind direction 
and velocity, to result in the desired horizontal speed. 


The landings were performed on two types of surfaces, concrete and 
non-skid surface. The surfeces vere iaterally adjacent to each 
other on the runway. 


The teft side of the runwey remained in the “as is" condition and 
the right side was coated by Navy personne! with a standerd non- 
skid compound, A sketch of the landing area Is shown on Page 
8.9.3. The grids painted en each landing surface were utilized 

i In an attempt to measure yawing and skidding velocity et touch- 
down, 


§ The asymmetric landings were pertormed to obteln deta ine roiled 
attitude landing condition. A nermel approach was made and ap- 


roximately 20 feet adove the growed, the desired roll angie wes 
stabil shed and held until crouse contact. 
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| PROCEDURE 9 (continued) 

The cable impect landings were landings during which en attempt 
wee made to run over a |+3/8 inch cross deck pendant with the 
main geer tires flattened es & result of the landing Impact. 
An estimate of the distance cevered to obtain tire bottoming 

| wes used to estebiish the desired touch-dewn polat prior te 

i the cross deck pendant. The croes deck pendant of the MK 5 

| erresting gear on Runway 27 was used for these landings. A 

| special pendent with a !-3/8 Inch ceble was fabricated tor the 

tosts. The cable was supported on the normal spring steel 

: pendant supports approximately 4 inches above the runway. 

For each landing, Initial acceptability was determines from 

! TROD! (Touchdown Rate of Descent Indicator) for vertical sink 

speed, SOD! (Speed Over Deck Indicator) for hor! zontal speed, 

and ground observation for symmetry. Photoscope camera coverage 

i was obtained fer all jandings and wes used to determine the 

| actual vertical and horizontal speeds for the satisfactory 
landings. The oscillograph records were perused a8 soon 88 

| avaltable after the landings for operation cf all Irpertant 

| parameter transducers, The priswery metiiod of determining 
aymmetry was observation of the oscillograph traces measuring 
drag brece joads of the two main janding gear. 
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RESULTS AND _UISCUSSION 


Twenty-nine landings were selected from the total of 209 landings 
as satistying the specified conditions. Pege 8.2.! gives these 
conditions end Indicates the landiags satistying each condition. 
Subsequent to the fiight test program calibration date were deter- 
mined to be Invalid to reduce the landing geor vertical and drag 
joads for Landings & 26, 49, 68, and 70. A discussion of this 
discrepancy oppears in the instrumentetion Report, Referonce 5, 
Landings 123 and 128 were substituted tor those five jandings on 
dry concrete. Page 8.3.1 presents the Initial conditions for 

each satisfactory landing. 


The desired touchdown conditions were achieved satistectorily for 
all the various test configurations and conditions with the 
possible exception of the cable impact landings, These cable 
tmpact landings were to be made so that the cross deck pendant 
wes run over with the main gear tires fully deflected as a result 
of the landing Impact. A tote! of 37 landings was made for the 
purpose of obtaining the cable Impact data but Instrumentation 
malfunctions invalidated ai! but 12 of the landings. Since It 
wes not possible to determine for sure whether the tires were 
fully bottomed at the time of cable Impact for any of these 12 
landings, additional cable impact landings would nave been 
desirable. The filght test progrom was termineted, as discussed 
In Reference 4, hewever, before any additions! landings could 

be obtained. 


Pages 8.4.1 through 8.4.84 present the date in engineering 
units In the form of time-history plots for the 26 landings. 
These date are presented for those landings that satisfied ~ 

the required initie! conditions, The fanding gear vertical 

and drag foads are plotted as strain gage reedings reduced to 
pounds force perpendicular and peraile! to the strut center! ine. 


Pages 8.5.1 through 8.5.15 sre time-histories of the landing 

gear ground reactions for the symmetrical jandings of the dry con- 
crete and the non-skid surtece, These ground reections, per- 
pendiculer and perelie! to the ground, were obtained from strut 
loads with application of en inertie correction ter the gear 

lower mass. The coefficient of friction was computed from 

the ratie of drag to vertical ground leeds end is presented on 
these plots, 


The osciiliograph readings were reduced to strut joeds by ap- 
plication of the following equations: 


Latt Geer 
Vertical Load = (42,800 + 90.0 $) S/, y + (100.0 + 93.0 8) S/, 5 


Drag Load «= = (-670 + 110.0 8) Yay + (4378.0 - 5.05) Yn 
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RESULTS AND DISCUSSION (continued) 
Right Geer 
Vertical Load = (35495 - 425.45) y+ uso + 1103.98) 4, 5 


Drag Load == (2869.9 + 32.85) 57, y + (0655.8 + 30.85) 5 


Where S @ strut position of the respective landing geer, 
Inches compressed 


$e Channe! trace deflection minus trace deflection for 
zero loed. 


4H = Calibration pip height obtained from response of channel 
to s krown voltage. 


Subscript V = Response of vertical channel 
Subscript 0 = Response of drag chenne! 


The strut loads were reduced to ground leads by application of the 
follewing equations: 


Fyg = (Fa + Faq) cos(@ - 6 Deg) - (Fy + FAn)Sin(@ -6 Deg) 

Fug = (Fy + Fay) cos(@ - 6 Deg) + (Fa + Faa)Sin(® - 6 Deg) 
Where Fyg = Vertical ground loed, Ibs. 

F, = Vertical strut lead, !bs. 


Fa, = Inertia terce persile! to strut centerline, positive 
e down, tbs. 


Fug © Horizontal ground lead, positive aft, ibs. 

Fy = Orag toed (normal to strut) positive eft, ibs. 
ee Fay @ Inertia force normal to strut, positive ferwerd 
° = Pitch attitude, degrees 
6 Deg = Angie of strut with airplane vertical axis 


Callbration intormation was not available to obtain ee leeds as ex- 
plained in Reference 3. The readings were reduced to °/, and pietted. 


| All remaining verlables were reduced to engineering units by application 
of ea calibration constent. This Infermtion is presented in Reterence 35. 
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RESULTS ANDO O1SCUSS! (continued) 


The oscillograph traces were read on a Telereader which magnities 

the record to double size. The deta were read in 0.00! secend in- 
crements with time zero defined as the time of Initial ground contact. 
The reader produced 627 counts per inch aad the value in counts was 
punched on dete cards for use in an IBM 7090 computer program. The 
output of the computer program was an output tape, a print-out, and 
punched cards. The output tape wes nade available to the analysis 
group and the deta were used 08 a corparison with theory. Results of 
the comparisons are presented in Reterence 2. The punched cards were 
used to plot the time-histories presented in this report. A Moseley 
X-Y plotter was utilized for plotting, Time intervals of plotting 
were 0.00! seconds. 


The oscillograph trace of wheel position appeared with a biip every 
10 degrees of wheel trave!. Wheel posicion was plotted versus time. 
The slope of this plot gives the angular velocity at a given time. 
The values for velocity in radians per second are plotted versus 
time and these plots are included as Pages 8,7.! through 8.7.18, 
This method of obtaining wheel tpin-up Is subject to error although 
the spin-up trend and final whea! speed sre considered reasonably 
accurate, 


Page 8.3.) presents the Initial conditions for each of the satis- 
tactory landings. Runwey angie was determined by physically measur- 
Ing the angle at the point ot touchdown. A general survey of the 
lending erea was made previous to the landings; nowever, the survey 

did not account for irrequlerities In the runway surface such os tar 
expansion joints. The survey date are included on Pages 8.9.1 through 
8.9.4 for Information. The wing litt values presented on Page 8.5,! 
were computed from the oscl!'ograph traces of longitudinal and normal 
acceleration perpendicular and parallel to the fuselage reference [ine 
near the airplane center of gravity. The deta were resolved perpen- 
dicular to the runway surface and presented as wing lift. Sink speeds 
and horizontal speeds were obtained from the photoscope camera, The 
photoscope camera is e 35MM space-positioning camera running at & 
precise frame rate. A detelied description of the camera is given in 
the Instrumentation Report, Reference 3, The geometric relationships 
between the airplane flignt path, the horizontal plane, the runway, 
and the photoscope camera are shown on Pages 6.8.60 and 8.8.61. The air- 
plane vertical and nerizonte! distances from the reference planes were 
eslculated using the azimuth and elevetion angles from the film records 
of the photoscope camera tracking each landing. 


me Several individuals reed the 354 photoscepe cemera film and fo! lewed 
the prescribed procedure to obtain vertice! and horizonta! distances 
as a function of time, Each person plotted these date and faired a 
Jine through the points with the slope of the Iine representing the 
speed. These velues are presented on Page 8.8.!. The worksheets from 
aie es values were obtained are inciuded on Pages 88,2 through 
8. s e 
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RESULTS ANO DISCUSSION (continued) 


The final valve of vertical end horizontal speed is the arithmetic 
average of the values obtained by the various individuals. The 
maximum stendard deviation of the average horizontal speed was 0.67 
fps and the everage standard deviation of the horizontal speed wes 
0.29 fps. The maxinun standard deviation of the average vertical 
speed was C.48 fps and the everage standard deviation of the vertical 
Speed was 0./4 fps. 


The horizontal speed of the wirplane was easily obtained since the 
Speed was constant resulting in a straight line fit of the date. The 
vertical speed of tne airplane was more difficult to obtain because 
the vertica! speed was not constant during the latter portion of 

the descent. An attempt was made to obtain the vertical speed of 

the airplane by fitting a pelynorial curve to the data. The results 
obtained in tris manner were questionable as indicated by the large 
deviations (+ 1 ft./sec.) resulting from varying several arbitrary 

or undefined factors; nanely, (1) tne nurber of data points inctuded 
In determining the equation; (2) tne degree of the equation selected 
to flit the data; and (3), the time of touchdown, Item (1) Is an 
arbitrary decision as to whether to consider the last 5-6 feet of 
descent or the iast 20 feet of descent; ita. (2) is also an arbitrary 
decision chosen by examination; and (3), the tie of touchdewn could 
not by» precisely defined. 


Tne final procedure used to obtain vertical speed was a straight line 
feiring fnrough the points representing the iast 6~8 feet of descent. 
Tris method permitted wmignting the individual points and eliminating 
the questionable points, fliis method is also not as dependent on an 

exact time of touchdown us @ polynomial curve fit. 


Tne photoscope deta resulted in vertical and horizontal speeds per- 
pendicular and parallel to a .orizonta: plane. The Speeds were re- 
solved perpendicular and pareile!l to the runway, as Indicated on 
Page 8.8.61, ond sre tabulated with the other Initial, or touchdown, 
conditions on Pege 8.3.). 


Peges 8.6.) through 8.6.15 present observed field data for ali landings. 
The wind direction quoted on these pages is the true compass heading 
trom which the wind originated. Whee! touchdown points were determined 
by observing tlre skid marks after each landing. TROD! readings were 
corrected for calibration error when ovai lable, 


fi Landing gear strut and tire pressure Information are included on 
Pages 8.11.1 and 8.11.2, 
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RESULTS ANDO DISCUSSION (continued) 


The pressures were read prior to operations each day and the values 
recorded on Pages 8.//.! and 8.11.2 are the pressures that existed 
at this time. In most instances, the pressure level was then 
established at the required value. The required pressures in pounds 
per square inch are as follows: 


Nose gear tire 250 

Nose gear strut 210 @ ful! extension 
Mein gear tire 320 

Main gear strut 25 @ full extension 


All pressures for the setisfactory landings were “re required value. 
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CONC LUS LOND. 


The flight test phase of the Landing Loads Investigation was 
completed satisfactorily. From a total of 209 landings per- 
formed at NATO with an A4D-2 airplane, 29 landings were ob- 
tained which satistied the initiel, or toucndown conditions. 
Calloration date tor tne main landing gear were subsequently 
determined to be invetid for some of the Initlel landings 

and data could ve presented for only 26 satisfactory landings. 
All of the objectives of the flight test program were achieved 
satisfactorily with the possible exception thet the cable im- © 
pact landings may not have resulted in complete tire bottoming 
at the time of running over the cross deck pendant. 
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